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Introduction
The Slurry Mix Evaporator (SME) tank in the Defense Waste Processing Facility (DWPF) is used to concentrate a mixture of acidified sludge and glass frit prior to feeding to the glass melter. Concentration of the tank contents is accomplished by evaporating water from the product through the use of steam coils. Fouling of the coils has been frequently noted during processing of Sludge Batch 6 and Sludge Batch 7a. The fouling requires the coil to be removed and cleaned, but the bulk of the material fouling the coil has been easily removed with a water spray, with the exception of material between the coils. 1 DWPF Engineering is evaluating the coil fouling to determine if the fouling is caused by physical processes (such as poor mixing) or chemistry issues (such as formation of aluminum based compounds). Samples were taken from the coil to aid in this evaluation to allow an assessment of whether or not the material on the coil is compositionally similar to the bulk vessel composition.
Experimental Procedure
Two SME samples (PC0111, bulk tank sample, and PC0109, coil surface sample) were received at SRNL in small metal containers on July 26, 2011. Samples were delivered in doorstops for shielding purposes. The samples of the sludge were taken from the coil frame somewhat distant from the coil (bulk tank material) and from the coil surface (coil surface sample). Figures 2-1, 2-2, and 2-3 contain photographs of the samples. Samples were characterized in duplicate per Table 2 -1 below.
Samples of the as-received solids were digested in a sealed Teflon vessel with hot aqua regia by heating to 110 °C. Aliquots of the dissolved solids were submitted to Analytical Development (AD) for analysis by Inductively Coupled Plasma-Emission Spectroscopy (ICP-ES), Inductively Coupled Plasma Mass Spectroscopy (ICP-MS), gamma counting, and mercury using the cold vapor method (CV-Hg).
The sodium peroxide fusion of the samples was performed in a zirconium crucible at a nominal temperature of 675 ºC after first drying the sample overnight at a temperature of 110 ºC. Aliquots of the dissolved solids were submitted to AD for analysis by ICP-ES and ICP-MS.
A small quantity of the as-received solids from each sample was sent to AD for analysis by X-Ray Diffraction (XRD). Another small portion of the as-received solids from each sample were extracted with methylene chloride for Semi-Volatile Organics Analysis (SVOA). Table 3 -1 shows the results of the weight percent total dried solids analysis of the samples. Both samples contained high solids content with the coil surface sample slightly higher contrary to the appearance of the samples in the photos. The wt% solids values obtained may result from the sampling method and not necessarily reflect the true solids loading of the material as found in the process.
Tables 3-2 and 3-3 show the results of the mercury and Cs-137 analysis of the aqua regia digestion of the as-received solids from the two samples. The gamma scan found roughly similar concentrations of Cs-137 in the two samples. However, the mercury analysis found a ~5-10X higher concentration in the coil surfaces sample than in the bulk tank sample. Both replicates of the coil surface sample showed higher Hg concentrations than the bulk sample replicates. However, replicate A of the coil surface sample was >2X higher than replicate B indicative of inhomogeneity in the sample.
Tables 3-4 through 3-7 provide the results of the ICP-MS analysis of the solids from the samples. Comparing the results from the analysis of the aqua regia digestions for the two samples indicates similar concentrations of uranium and plutonium isotopes in both samples. The results from the peroxide fusion digestion of the two samples also show similar concentrations in both samples. Tables 3-8 through 3-13 show the results from the ICP-ES analysis of the both aqua regia and peroxide fusion dissolutions of solids from the two SME samples. Both samples contain high concentrations of Si, Fe, Al, Mn, and U. The ICP-ES results from the aqua regia digestion indicate lower silicon concentrations than the peroxide fusion results. The aqua regia method does not dissolve silicon compounds well and can have difficulty dissolving aluminum phases such as Boehmite. As discussed below, the XRD results show the presence of boehmite in the samples, accounting for the low aluminum concentrations determined by the aqua regia digestion. The appendix provides the list of chemical names, though it is to be recognized that the analysis method produces fragments that may not match the parent antifoam exactly, and process conditions may cause some degradation of the antifoam as well. The analytical uncertainty for the ICPES samples is 10%. The analytical uncertainty for the ICPES samples is 10%. The analytical uncertainty for the ICPES samples is 10%. The analytical uncertainty for the ICPES samples is 10%. The analytical uncertainty for the ICPES samples is 10%. The analytical uncertainty for the ICPES samples is 10%. The analytical results of the two SME samples indicate the compositions of the two samples are very similar. Table 3 -14 shows the concentration of the major components of the solids from the peroxide fusion data for the two samples normalized to iron. The bulk sample contains slightly higher silicon but the rest of the metal composition match very closely. The mercury analysis indicates the coils surface sample contains a ~5-10X higher concentration of mercury. The ICP-MS and XRD also indicate the samples have similar compositions. Table 3 -14 also compares the normalized composition of the two SME samples to the batch analysis. 3 All three compositions match reasonably well with the exception that the batch analysis show significantly higher silicon, lithium, and boron content indicating the samples are deficient in frit relative to the SME batch composition. 
Conclusions
The results of the analysis indicate the composition of the two SME samples are very similar with the exception that the coil surface sample shows ~5-10X higher mercury concentration than the bulk tank sample. Elemental analyses and x-ray diffraction results did not indicate notable differences between the two samples. The ICP-MS and Cs-137 data indicate no significant differences in the radionuclide composition of the two SME samples. Semi-volatile organic analysis revealed numerous organic molecules, these likely result from antifoaming additives. The compositions of the two SME samples also match well with the analyzed composition of the SME batch with the exception of significantly higher silicon, lithium, and boron content in the batch sample indicating the coil samples are deficient in frit relative to the SME batch composition.
Recommendations for SME Coil Fouling Studies
DWPF engineering, with the assistance of SRNL, has developed a Roadmap 4 identifying all of the potential causes for SME coil fouling and a path-forward to investigate each of those causes. Therefore, SRNL recommends that steps defined in Roadmap be executed as a means of determining the cause and methods to reduce or eliminate the coil fouling. 
